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NACA ARR No. L5C00 - NSNS

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

T ADVANCE RESTRT-CTED REPORT

SPIN-TUNNEL TESTS OF AIRPLANE MODELS WITH EXTREME
VARIATIONS IN MASS DISTRIBUTION
ALONG THE THREE BODY AXES
By Robert W. Kamm

SUMMARY

An Iinvestigation was conducted in the Langley 15-foot
and 20-foot free-spinning tunnels to determine the effect -
of extreme changes 1n mass distribution along each of the
three body axes. Two models of single-engine alrplanes
having different geometric arrangements and aerodynamic
characteristlcs were tested with a series of different
loadings. The test results were analyzed to investigate
the effects of the 1ndividual inertia moment paremeters
upon spin and recovery characteristics.

The test results lndicated that the value of the
inertia yewing-moment parumeter mainly determined the
effect of alleron setting on recovery, that the wvalues of
the inertia yawlng-moment and lnertia rolling-moment
parameters 1influenced the effect of elevator setting on
recovery, and that the value of the inertia pitching-
moment parameter determined the attitude of the spin at
the normual spinning control confilguration (allerons
neutral, elevators up, and rudder full with the spin)
when mass was distributed chiefly along the wing. The
inertia pltching-moment parameter also determined the
angular velocltles of the spins. Steady spins could not
be malntalned when all three moments of 1lnertia were
equal.

INTRODUCTION

Exlsting literature on spinning indicatés that mass
dlstribution may greatly affect the spin and recovery
characteristlcs of a given alrplane. Some of the previous
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investigations of the effect of mass distribution on
spinning have been presented in references 1 to 5.

The previous work has indicated that the mass distri-
bution of alrplanes determines the relative effectivenesas
of the various controls in producing recovery from spins.
Although geometrlc characteristics have affected the
number of turns for recovery from a spln, they generally
have not influenced the relative effectlveness of the
controls 1n producing recovery for a given loading condi-
tion.

Reference 1 indicates that the lnertia yawling-moment
parameter may be used to predict the relative effectlveness
of various control settings and movements on recovery.

In reference 2 it 1s indlcated that multlengine models
spin steeply, that alleron-against settings expedlte
recovery, and that the elevator is the most effective
single control for recovery. Multienglne models have
relatively more mass along the wing and less mass along
the fuselage than single-engine models; that is, the
inertia yewing-moment parameter 1s positive for multl-
engine models and 1s generally negative for slngle-englne
models. Single-englne models may spln elther steeply or
flatly, alleron-with settings expedlite recovery, and the
rudder 1s the most effective single control for recovery.
It was shown In reference 3 that, when the loading elong
the wings was increased for several single-engine models
until the inertlia yawing-moment parameter was positive,
control effects typlcal of multiengine models were
obtained but the spins were not so steep as the spina that
are charaoteristic of multlengine models.

Inasmuch as previous work lndicated the effect of
only the inertia yewing-moment parameter, the present
investigation was conducted 1n the Langley 1l5-foot and
20-foot free-spinning tunnels 1n an attempt to determine
the effects of the inertia rolling-moment and 1lnertia
pitching-moment parameters. A primary purpose of thils
investigation was to determine which lnertlia moment
parasmeter determines the attitude of the spin. The scope
of some of the previous investigations 1s shown 1in
figure 1, which indicates the envelopes of the inertla
moment parameters of the models consldered ln the lnvesti-
gations of references 1 to 3. The 1lnertia moment param-
eters of most of the models of conventional alrplanes
tested 1n the Langley spln tunnels since the investl-
gation described in reference 1 1lie within or qulte close
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to the envelope Indicated for reference 1. Figure 1
also shows the loading conditlions as represented by the
" lnertia moment paraemeters with which the models were
tested in the present investigation. Very extreme
changes in the loadling along the three body axes were
mads in the present lnvestigation with the hope that the
results obtained at the extreme conditions would be of
ald ir 1solating the effects of the individual inertia
moment parameters. Addltlonal tests were made with the
moments of lnertia about the three body axes equal in
order to determine the effect of zero inertie moment
parameters. Tests were also made to determlne the effect
of increasing all moments of inertla by equal amounts
and thus keeping the moment-of-inertia differences
constant. Two modsls having different geometric charac-
teristlics were tested in order to determine whether
aerodynamic differences would influence the effect of
the large loading changes.

The effects of control settings on the steady-spin
and recovery characteristics were determined for the
various loadings. The center-of-gravity location was
held fixed, and the total weight was kept constant
for each model during the test program. All tests were
made with the landing gear and flaps retracted.

SYMBOLS

X, Y, and Z alrplane body axes

m mass, slugs

b wing span, feet

S wing area, square feet

Ix moment of lnertla about X-axis, slug-feet2
Iy moment of inertia about Y-axis, slug-feetl
1z moment of inertia about Z-axis, slug-feet2
kx radius of gyration about X-axis, feet

ky radius of gyration about Y-axis, feet
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radlius of gyration about Z-axis, feet

airplane true rate of descent estimated by
scaling from model values, feet per second

acute angle between thrust axis and vertical
(approx. equal to absolute value of angle
of attack at plane of symmetry), degrees

angle between Y-axis and horizontal, degrees

airplane angular velocity about spin axis
estimated by scaling from model values,
radians per second

density of air, slugs per cubic foot

angular veloclty about X-axls, radians per

second

angular velocity about Y-axls, radlans per
sscond

angular veloclty about Z-axls, radians per
second

time, seconds

inertie yawlng-moment parameter

inertlia rolling-moment parameter

inertia pltching-moment parameter

EQUATIONS OF MOTION APPLICABLE TO SPINNING

If the airplane body axes are assumed to colnclde
with the principal axes, as is very nearly the case for
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conventional alrplanes, Euler's equations for the moments
acting on a rotating body may be written for an airplane
in a spin as e -

Inertia yawing moment = - Aerodynamlic yawing moment

= (Ix - Iy)m - Iz 5%

Inertia rolling moment = - Aerodynamic rolling moment

(1y - 1z)ar - 1x %E

' Inertlia pitchling moment = - Aerodynamic pitching moment

- - g9
(1z - x)er - Iy e

In a steady spln, the acceleration terms (the last terms
in the equations) disappear; the formulas indicate,
therefore, that the indlvidual moments of ilnertia may
affect recoverles although they should have no effect on
the steady spin. The moment-of-inertia differences
determine the lnertia moments acting during a steady spin
at a glven attitude and glven angular velocitles. These
differences may be expressed nondimenslonally by the
i1nertia moment parameters

Iy - Iy Iy - Ig Iz - Ix
mb2 mb2 mb2
or by
kx2 - ky® ky? - kg2 kg2 - kx?

APPARATUS AND TESTS
Apparatus and Geometric Characteristics of Models

Testing technique and construction of spin models
are described in reference 6. Dimensions of the alr-
planes represented by the two models used for the present
tests are glven in table I. Three-view drawings of the
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models, which are designated A and B, are presented in
figures 2 and 3, and photographs oI the models are given
as figures ! and 5. The tests were made with the landing
gear retracted. wWodel A revresents a recent scout-bomber
alrplane and model B represents a recent experimental
fighter design. The scales were 1/18 for model A and
1/20 for model B. :

MNass Loadings Tested

The initlal loading conditions of the models, as
represented by the lnertia moment parameters, were almost
the same. TIn order to obtain the other loading condl-
tions tested, lead ballast was redistrlibuted along the
three body axes. The total welght of each model and the
center-of-gravity location were held constant. ZIxtending
or retracting mass along any one axis lncreases or
decreases the moments of inertia about the other two axes
and therefore changes two of the inertla moment param-
eters, as 1s shown by the following table:

Change in Algebraic change in
Extending : r kx2 - ky° [ky? - kg2 [kz2 - ky2
mass X Y Z =
along b2 b2 b2
X-axls |reccece-- Inorease |Inorease|Decrease |[====e«=m=- Increase
Y-axis Inocreage |~=w=e==-- Increase|Increase |Decreasg |~=--=cwe=-
Z~-axis Increase |Incrense |[==—w=veo=| cccccecan- Increase |Decrease

The three inertla moment purameters therefore are inter-
related, and any two varameters determline the third. It
1s Impossible to vary only one purameter at a time and
determine its effect.

In most cases 1t was Impossible to make the desired
retruction of mass along any one axis, and accordingly
changes that gave the desired values of the inertla moment
parameters were obtalned by extendlng mass along the
other two axes. 1In order to change appreciebly the mass
distribution along the Z-axla, welghts were lnstalled on
rods that passed through the center of gravity und
projected into the alr stream. Tests indicated that the
effect of the rods on the spin and recovery character-
istics was small.
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In tables TI and III, which show the various loading
" coriditions "simulated on models- A and B, respectively, the
actual changes made to obtaln the varlious loadings and
the effective changes thus simulated are given. Tests
for models A and B were made at equivalent spin altltudes
of 6000 and 8000 feet, respectively.

Accuracy

Because the models were damaged frequently during
the tests, 1t was recognized that the results obtained
were primarily of qualitative value and were not accurate
enough to permit rigid quantitative comparisons. Check
tests with the models in the initlal loading condition
were made at the end of the test program, however, and
the results agreed reasonably well with the origlinal
results. For some loadings and control conflgurations,
the results obtalned may have been influenced by sensl-
tivity to small varlations in control settlngs - espe-
clally at conditions for which the results varied greatly
with changes in alleron and elevator setting.

PRESENTATION OF RESULTS

The detailed test results are presented in charts 1
and 2 for models A and B, respectively. The boxes on the
charts give the steady-spin and recovery characteristics
for principal combinations of alleron and elevator
settings. The keys in the lower right-hand corners of the
charts show the order of presentation of the results in
the boxes. All recoverles were attempted by full rapld
rudder reversal, and the recovery characteristics were
determined by the number of turns the model made from the
time the rudder was fully reversed until the spin rotation
ceased.

A simplified presentation of the results, which
shows directly the effects of changes 1n mass distribution
on the optimum direction of alleron and elevator setting
for recovery, on the angle of attack, on the angle between
the Y-axis and the horizontal, and on the turns for
recovery from the spin at the normal spinning control
configuration (ailerons neutral, elevators up, and rudder
full with the spin), is given in figure 6 for model A
and in figure 7 for model B. In these flgures, a question
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mark indicates that the alleron or elevator setting had
little apparent effect on recovery. Quantitative results
are given in figures 6 and 7 only for the spin at the
normal cqontrol conflguration for splnning. The quanti-
tative effects of the changes 1n mass distribution on

the spins obtained with other combinatlions of alleron
and elevator settings can be determined from charts 1
and 2.

DISCUSSION
Initial Loading Conditions

For the present tests, the lnitial loadlings of the
models corresponded approximately to the basic loadings
of the alrplanes represented by the models. These
loadings were arbltrarlily selected as convenlent starting .
points for the test program and are fairly representative
of single-englne airplanes.

For both models in the initlal loading condition
(condition 1), aileron-with spins (right aileron up and
left alleron down in a right spin) were very steep with
high angular velocltles and recoveries were rapid.
Alleron-neutral and alleron-agalnst spins were fairly
flat and recoverles from these spins were slower than
from aileron-with spins. For model B, elevator-down
settings retarded recovery whereas, for model A, elevator
setting apparently had only little effect on the general
spin characteristics. The difference in the effect of
elevator setting for the two models at almost the same
loading conditions was probably caused by the aerodynamic
differences 1in the models.

Variations 1n Mass along Body Axes

Along X-axis.- Figure 6 shows that for model A an
extreme extenslion of mass along the X-axis (condition 2)
had 1ittle effect on the spln characterlistics. A further
large extension of the mass distributed along the X-axis
(condition 3) prevented the model from splnning except
when the allerons were set agalnst the spln. Retracting
the mass distributed along the X-axis (condition l)
steepened the spin at the normal control configuration,
increased the angular veloclty, prevented the model frem
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- Spinning with the_elevator neutral or down, and reversed
the effect of alleron setting on’ ‘récovery from-that -
obtalined at normal loading since, in this condition,
alleron-against settings gave the most rapid recoveries.

The results obtained for model B (fig. 7) were
generally similar to those obtalined for model A.

Along Y-axls.- For both models, retracting mass
along the wing accentuated the effect of alleron setting
on recovery, and extending mass along the wing reversed
the effect of alleron setting on recovery. No consiastent
variation 1n angle of attack with the mass variations
was apparent.

Alo Z-axis.- For both models, elther retracting
mass along the Z-axls (condition 10) or extending mass
along the Z-axls (condition 8) retarded recovery from the
spin at the normal control configuration. The angle of
attack did not change appreclably as mass was varied
along the Z-axlis. The results shown in charts 1 and 2
show that retracting mass along the Z-axls tended to make
the alleron-with spins flat and that extending mass along
the Z~-axls tended to 1lncrease the angle of bank and
caused the models to spin with the inner wing inclined
up conslderably. At condition 9, the change In mass
distribution from the initial value was greater for
model A than for model B (see fig. 1) and, whereas
model A would not spin for any comblinatlion of alleron
and elevator control settings, spins were obtalned for
model B when the ailerons were neutral or with the spln
and the elevators were neutral or down. Durling these
8pins the fuselage was nearlg horlzontal, and the inner
wing was up approximately ;5°. Recoveries from these
spins varied considerebly, and the model tumbled -~ that
1s, rotated about the ¥Y-axis - during recovery. An
explanation for the fact that model A would not spin at
condition 9 may be that the inertia pltching-moment
parameter was zero and therefore no lnertia couple acted
to flatten the model and hold it in a spinning attlitude.

Special Loading Conditions

ual moments of inertia.- Tests made with all
moments of Inertla equal (condition 11), so that there
would be no inertia moments acting durling the spin,
resulted in conditions for both models for which steady
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spins could generally not be obtalned. When the elevators
were up and the allerons were neutral or with the spin,
however, model A continued to rotate and the value of a
varied between limits of -4° and [6° and the wing incli-
nation varied between limits of 30° up (inner wing) and
18° down. Reversal of the rudder terminated the motlon
rapidly. With the same control settlngs, model B
descended at a velocity too high to permit testling.

Increased moments of lnertla.- In an attempt to
determIne the Importance ol the moments of inertlia as
compared with the moment-of-lnertia differences, all
three moments of 1inertla were increased by equal incre-
ments from the 1nitlsal single-engline loading conditions
so that the inertlia moment parameters remalned constant
at the 1nitial values. The results obtained at this
loading (condition 13) indlcated little effect of the
increases in moments of lnertla upon either the steady
spln or the recoveries obtalned by rudder reversal.

Typlical multiengine loading.- Loading conditions
that were consldered representative of the mass distrl-
bution of multiengine alrplanes were obtalned by extendlng
welght along the wing and effectively retracting welght
along the fuselage (condition 12). The control effects
obtelned were typical of multienglne models in that
alleron-against and elevator-down settlings tended to
prevent the spin. The alleron-with spins obtalned were
much flatter than the corresponding spins for the initlal
loadings; however, the splins obtalned wlth allerons
against and at the normal spinning control conflguration
were steeper.

Effect of Aerodynamic Differences in Models

The two models tested differed somewhat 1n aerodynamic
characteristics as measured by the tail damping-power
factor (see table I) and in other respects such as wing
location. These asrodynamlc differences were large enough
to cause some differences in the test results. For model A
in the 1nitial loading condltion, for example, elevator
setting had little effect on recovery, whereas for model B
elevator-up settings expedlted recovery. Model A had a
partial-length rudder so that deflecting the elevators
elither up or down did not appreclably change the shlelding
effect of the horizontal tall on the rudder during spins.
Model B, however, had a full-length rudder and, when the
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elevators were down, more of the rudder was shielded by
the horizontal tail than when the elevators were up, with
the result that the rudder was less effective in producing
recovery. For both models the spins were somewhat sateeper
with the elevators down than with the elevators up, an
indication that deflecting the elevators gave an increment
in pltching moment even though they were stalled.

With the greatest extension of mass along the X-axis
tested for model A (condition 3), the model would spin
when the allerons were set agalnat the spln; model B at
condition 2 (which was not so extreme a loading es
condition 3 for model A), however, would not spin for any
alleron-elevator combination even when the rudder was
full with the spin. It was thought that these results
might be attributed to the difference ln the longltudinal
stabllity characteristics of the models. Extension of
mass along the fuselage increases the spin-flattening
moment acting during a spin and, at very large angles of
attack, the aerodynamic pro-spin moments have been found
to become very small (reference 7). For model B at
condition 2 the spin-flattening moment evidently was
large enough to cause the model to assume such a flat
attitude that spinning equilibrium was not possible. It
was also noticed that the ratio of horlizontal-tall area
to wing area was considerably smaller for model B than
for model A. Brlef tests were therefore made wlith the
stabilizer area increased for model B (aerodynamic diving
moment lncreased), and spins were obtained when the
ailerons were agalinst the spin.

For the two models, variations in mass distribution
along the Y-axls had opposite effects on the attltude of
the spin at the normal control conflguration for spinning.
Por model A, extending mass along the Y-axls steepened
this spln and, for model B, retracting mass along the
Y-axls steepened the spin. The reason for this difference
is not apparent.

Elther extending or retracting mass along the Z-axls
of model B caused the spins wlith the allerons agalnst the
apin (elevators neutral or down) to become very oscil-
latory in piltch and roll. This effect was not obtained
for model A.

It should be remembered that other models which
differed greatly in aerodynamic characteristics from the
two models tested might have given results that were
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somewhat different from the present results. The 1ndl-
cations are, however, that the effects of the mass changes
on the relative effectiveness of the controls in producing
recovery would have been the same.

Effect of Individual Inertia Moment Parameters

Certaln inferences concerning the effects of the
individual inertla moment parameters can be made from the
preceding results. It appears that, as was previously
indicated and explalned 1n reference 1, the directlons
of alleron and elevator deflections for optimum recovery
vary withzthe value of the lnertia yawing-moment param-

k -k
eter -X Y pigures 6 and 7 show that, when mass

2
P ky? - lky2
was distributed chiefly along the wing — positive],
b

elevator-down and alleron-against settings generally were
favorable to rapld recovery whereas, when mass was dlstri-
kx2 - ky?

be
elevator-up and alleron-with settings were, in most cases,
favorable to recovery.

buted chiefly along the fuselage negative ),

Varying the mass along the wing (conditions 1, 5, 6,

and 7) had little conslstent effect on the attitude of
the spin at the normal control configuration - an indil-
cation that, for a constant value of the lnertia pitching-
moment parameter, varlations of the inertia rolling-
moment or lnertlia yawling-moment parameters do not affect
the spin attitude. Thls result agrees with conclusion 1
of reference 3. When mass was dlstributed chlefly along
the wing (inertia yawing-moment parameter positive),
kg2 - kx

be
the attitude of the spin at the normal spinning control
configuration; low values of the parameter resulted in
steep spins. A simple qualltative explanation for this
steepening of the spln is that, when mass was effectively
added along the Z-axls, the centrifugal forces actlng on
the mass along the Z-axis gave a pltching moment that
nosed the model down.

the inertlia pltching-moment parameter determined
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When mass was distributed chiefly along the fuselage,
the -spin attitude did not .vary.consistently with any
parameter until the inertia piliching-moment parameter " -
was made so large or so amall that splnning equilibrium
could not be malntained.

: A general comparison of all results indicates that
the inertia pltching-moment parameter also 1lnfluenced
the angular velocities of the splns; low values of the
parameter generally gave high angular velocltles.

When mass was distributed chiefly along the fuselage
(inertia yawing-moment parameter negative), the adverse
effect on recovery of settling the elevators down was
ezshasizgd as the inertia rolling-moment parameter
k -k

Z approached zero.
be

CONCLUSIONS

An investigation was conducted to determine the
effect of extreme changes 1n mass distribution along
each of the three body axes for two models of single-
engine alrplanes having different geometric arrangements
and aerodynamlc characteristics. The test results were
analyzed to 1nvestligate the effects of the individual
inertia moment parameters upon spin and recovery charac-
teristics. It was recognized that the extent to which
the spin would be affected by mass changes would depend
upon the aerodynamic characteristics of the design. The
test results indicated the following qualitative conclu-
slons:

1. The value of the inertia yawing-moment parameter
mainly determined the effect of alleron settlng on
recovery, and the values of both the inertia yawing-
moment and the inertlia rolling-moment parameters influ-
enced the effect of elevator setting on recovery.

2. When mass was distributed chiefly along the wing
(inertia yawing-moment parameter positive), the inertia
pltching-moment parameter determined the attitude of the
spin at the normal spinning control configuration.
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3. The value of the inertia pltching-moment parameter
determined the angular velocitles of the spins.

li. The moment-of-inertia differences were apparently
of primary importance in determining the spin and recovery
characterlistics of a glven design. The magnitudes of the
individual moments of lnertla appeared to be of secondary
importance.

5. Steady spins generally could not be maintained
when all three moments of lnertla were equal.

Langley Memorlial Aeronautical Laboratory
Natlonal Advisory Committee for Aeronautlcs
Langley Fleld, Va.
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DIMENSIONS OF AIRPLANES REPRESENTED BY MODELS3

T i Model A Model B
Wing span, ft . . e e & & ® « s & a o 38 g
Over-all length, ft e & 4 o o & a o 27. 29.
Normel welight, 1b . . « « & « « + & 6ﬁso 63ho
Normal c.g. locatlion,
percent M.A.C. « « .« . . e e e s 29.1 31.5
Wing:
Area, 89 ft . . ¢ ¢ ¢ s s e o . o . o 259 232
Sectlon
Root . . . . . . « « + NACA CYH, NACA 0015
18 percent
thick
Tip . . . « « + o« « « « NACA CYH, NACA 23009
11.8 percent modified
thick
Root (reference) chord, in. . . . . 98.7 100.0
Root-chord incidence, deg . . « + « » « 0 2
Tip-chord incidence, deg . . « « ¢« « « « O 2
Asrect ratlo . « . . . . e« s« .« ¢ 9.9 5.3
Sweepback of L.E.
of wing, deg . e . 1.6 (approx.) 3.6
Diliedral at 30 percent
Top, 3
OQuter
chord line, deg . * panel Y Bottom, 5% 3
M.A.C., in. . . . . . . 83.3 8L.3
L.E. of M.A.C. rearward of
L.E. of root chord, in. . . .« . . . . 3.1 5.6
Allerons:
Chord, percent root chord . . . . . 16.4 11.3
Area behind hinge line, sq ft . . . 19.% 12.3
Span, percent b/2 . . . . + . . . . 36, Lo.5
Horlzontal tail surfaces:
Total area, sq ft S % P X 30.5
Span, ft . . . . « « « o .« 1,.8 10.9
Elevator area behind hinge
11ne, 8@ £t ¢« + « « « &« o & « &« « « 28.1 12.0
Distance from c.g. to elevator
hinge 1line, ft . . . . . .« . . . 16.8 16.2

NATIONAL ADVISORY
COHMITTEE FOR AERONAUTICS
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TABLE I - Concluded

DIMENSIONS OF AIRPLANES REPRESENTED BY MODELS - Concluded

Model A . Model B
Vertical tail surfaces:
Total area, 8¢ £t . « + « « » +» . « . 25.8 VTR Y
Rudder area behind hinge '
line, s ft . . . . « + « « « + « « 13.5 8.0
Distance from c.g. to
rudder hinge line, ft . . . . . . . 16.7 16.5
Maximum control settings: :
Rudder, deg . . . . « . . . « « 30 right, 30 right,
30 left 30 left
Elevators, deg . . . . . . 30 up, 20 down 35 up,
15 down
Allerons, deg . . « « . . « 30 up, 15 down 25 up,
10 down
Tail demping-power factor
(calculated according to
method of reference 8) . . . . 0.0000727 0.000175

NATTIONAL ADVISORY
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TABLE II.- PULL-SCALE MASS DISTRIBUTION OF MODEL A POR VARIOUS LOADING CONDITIONS TESTED

» [Iins loading, 25 1b/sq ft; equivalent test altitude, 6000 ft; relative density

n
Fs'i at test altitude, 10.0]

. Actu;l change xtrectiu change Ix Iy Iz kg Xy Xy kg2 - ky? ky? - k2 | kg - kg2
Condiblon | tia: loading | imitisl loading | (s1ug-ft2) | (alug-re2) | (slng-re2) | /2 | /2 | B2 v2 v2 »2
8) | cmmcceemean | eeccccscemmeanan 4,000 6,680 9,960 0.229 | 0.297 | 0.362 | -88 x 10-b | -208 x 10°k | 196 % 10-4
2 :;;;80;3:22:6 (b) k4,000 12,520 15,800 229 | .4os 456 | -280 -108 ;88 A
N [, P Y— (v) 4,000 16,300 19,580 229 | 463 1 507 | -hok -108 512
Mass extended Mass retracted
N Elong Y- and along X-axis 13,480 11,590 14,870 421 .390 J42 62 -108 Lé
-aX08
Mass extended Nass retracted i .
5 along X- and along Y-axis 7,270 13,230 13,230 .309 8 418 | ~196 0 196
Z-axes
't tended :
6 along Y-axis (v) 8,960 6,680 14,920 s | o291 | Jdb3| 75 -270 196
7 | emeeeae do=wenvn (v) 12,140 6,680 18,100 .399 .97 488 | 180 =375 196
N tended )
8 .2355‘5-:212 (b) 7,280 9,960 9,960 309 | .62 | .362| -88 o 88
9 | emewee- doeeeeen {v) 9,960 12,640 9,960 .362 .Lo8 362 | -88 88 0
Mass extended Maas retracted .
10 along X- and along Z-axis 6,965 9,645 15,900 .302 .356 457 -88 -205 293
Y-axes h
Mass extended
€11 ;long Y- and {v) 12,640 12,640 12,640 408 o8 o8 0 -} 0
~8X08 !
Mass extended Mass extended
a2 glong Y- and | R trasted 11,380 9,420 w600 | .387 | 352 | .Au38| & -170 106
along X-axis :
Mass extended ;
13 along X-, Y-, ¥one 7,150 9,830 13,110 .307 .359 s -88 -108 196
and Zesaxes .

ATnitial loading condition (typical single-engine loading).
bgrrective change ssme as actual change listed in preceding column.
SEqual moments of inertia.

d7ypical multiemgine loading.

NATIONAL ADVISORY
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TABLE TII.- PULL~SCALE. MASS DISTRIBUTION OF MODEL B POR VARIOUS LOADING CONDITIONS TESTED

[:ling losding, 27.3 1b/sq ft; equivalent test altitude, 8000 ft; relative density p_:E st test altitude, 13.0]

Actual change Effective change Iy Iy Iz _k.l. ky EZ. kxa - kyz kyz - kzz Kzl - ka
Gondition 1nu1:§m1!o-<ung 1mc1.§r§-dm¢ (slug-rt2) | (slug-£t2) | (slug-£t2) | b/2 | b/2 | B/2 b€ v b2
o] - 3,050 5,250 7,850 0.225 | 0.295 { 0.360 | -91 x 1074 | -108 x 107% | 199 x 10-%
M tended ; - h | - -
2 AI;;;;-IXJ.I (v) 3,050 10,500 13,100 .225 .La8 466 309 108 L1t
3 R R IR, B [,
) | tended ) retracted
k ;;;;g.§-.:nd .;;;g x-:;u 12,650 10,980 13,580 459 426 475 69 -108 29
~axes
M tended ¢ 8t ted
5 .;;&';-.:m .;;;gry-:;:- 5,650 10,450 10,450 306 416 416 | -199 0 199
Z-axes
6 Unee tiranded (v) 6,940 5,250 11,740 -3ho | .295 | W1y 70 -269 199
T | ee==ee- do=~=-w== (v) 9,520 5,250 14,320 <397 -295 .L87 176 =375 1399
8 Preirapy () 5,650 7,850 7,850 306 | 360 | 360 | -1 0 91
9 | emeees LEERR RS (o) 6,750 8,950 7,850 334 -385 .360 -91 46 ks
Mass extended Mass retracted i
10 ;J.ong X- and along Z-axis 4,520 6,720 10,790 274 .335 Jal -91 -169 260
~axes
Mass extended
along Y- and
c1 Z-axes and (v) 7,850 7,850 7,850 .360 .360 .360 0 [ 0
retracted
along X-axis
Mass extended Mass extended
slong Y- and along Y-axis
d12 Z-axes and and retracted 6,750 5,250 9,360 330 .295 394 62 =170 108
retracted along X-axis
along X-axis
Mass extended
13 along X-, Y-, None 5,990 8,190 10,790 .31k .368 L2l -91 -108 199

and Z-axes

&Initial loading condition (typical single-engine loading).
bEffective change same as actual changs 1listed in preceding column.
C€Equal moments of inertia.

dTypical multiengfne loading.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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CHART 1 ~SPIN CHARACTERISTICS OF MODEL A

[Effect of mass variations along the X-axs; loading as /indicated; cockpit closed ; landing gear retracted;flaps neutral; re&oyery
by full rapid rudder reversal,; recovery attempted from and steady -spm data presented for rudder -with spins.; right erect"spm:]

Condition 4
Mass retracted along X-axis

2.
MEAE- 62ri07

2.
L"'—b/z‘f= -108 %10 ~* BN
kf-kf _ -4
et = 46%/0 /965./
225U >3%
2193.8
24190 S
21512.7 2 c
%% Sla
&= No
T e 7
, th
: Memﬂ5 No [V
1B
Mo 000 5 ,
DI
§3
c t%, AN} No
4 0
Mo

a wandering spm.
g Osa//ator% Spin.

Conaition 1

Initial loading

2_
MRS . g0

2_
WAL - 10gx07¢ @b
"2
ﬁ%‘ = 196 x/07¢
60[1D T 1
3787
60140 — %3
oo B
44 S 164D
L onsZr 5./
49 zuArlf,‘m s
T
/253/09“'"5t2v/: —
3l/ ,:3 é N -
A g3 19[3D
= 20853
YEIEN] 141
1343,
56 ;g 2%.2%
253
3%-3%

No means model would not spin.

Condrtion 2

Mass extended along X-axis

Condition 3 :

: 2,2 ﬁ
"J—zlg" = -280 11074 MR - 408 01074
2 2 .8
"?" = 106 x107* € BWoAZ . 10831074 ¢
2 2,2 :
A 388 w107t [Wo | | B0 512 «i07* [T
6220 c
/3712.7 Njo
68|/1U 3434 719U
12825 2 c 125122 2
o 5§ o ER
48[/D T [ pes
J4eizz] Wt WMo T
- e ]efoﬂs
681U el EAL Al 5 ,
1232.6/9%"" 2 3% T2 |
Sis c Sls ¢
10,11 33 S| 3 ‘
> N SIS
& No P Nlo
55[ID o[
131124 No
662U 2%3 712U
12028 113123 i
18.21 / o0 ‘

. <17
Also spins jerkily, Fuseloge appears to yaw| | Model values converted |(geq)
to nght about Z-axs /?7 an attempt to corresponding ¢ Sq (geg)
to become horizontal. As ruselage full -scale values. | s) 'rzﬂzﬁ;
reaches horizontal, right wing U denotes mner wing up; Turns for
and nose drop. The cycle then repeats. | | D, inner wing down recovery

T %3eup
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CHART 1. - SFIN CHARACTERISTICS OF MODFL. A - Confinued

[Effect of mass varations along the Y-axs ; loading as indicated; cockpit closed ; lanaing gear retracted; flops neutral ; recovery
by full rapid rudder reversal; recovery attempted from and steady -spin data presented for rudder-with spins ; right erect 3oms)

Conaition & Conaition 1 Condition 6 Conaition 7
Mass retracted along Y-axs Initzal loading Mass extended along Y-axis
kz-kz -y k?_kz -4 ke_kz _ ke_/rZ .
W2 = -196 /0 AR = -88x10 B BY = 755007 a2 = 80«07
b
kf-k d kfk 4 ab ksz k?kz
f—f-b = 0 32 = -/08 %10 : Mog2 = -210x/074 22 = -375x/074
g » Fok ok R s8l30] | £% . 58[2D
S = /964/0 Mo | %52" = 1961107* j—b-zf = 196x/07* |37 524 = /96410 R IEY EY:)
591U 60liD| _—13:1 51T1ul42]10 o0 4]0 00
b,c 13/125 3727 143|2.6]16112.5 161[2.5
l6378liey2or"34.3% o3 604U 23.3 34]o0] |23.24|132 33[1U >43
20133 8 Nletn d 28|28 2 173|2.4 2 1762.4 2
] s NI 3%.3% N 16l40] | [ 113 S8 49020 | [27:22 N 50[1D
W%ﬂ & Mo N sEr0ar < 15137130 = W ER)
aqd"™ 1p83Y 49|2UpET 38| 1UpEl 47,57 42[lUpel™ oo
be 12528 7 EC J 43V J sezE i wt
G7&2laor 133 4 575U HE 3 2 e 24,21 e0%[2.2
11013, R d 2531109 "] Mo 09" gy No |og® g
el NE 32,3 83 19130 KR 47\2D 313 16|/D
v N 5o 208153 &° 13432 &S 131[32
592U 48|30 4] 011U 3534 d 15
be 1200 3 1343./ d 14933 d Nlo
[50/‘6/ 2lyio1 8.9 5640 5,03 13,74
110]3.4 125133 -
[0 ] 5333 - L
a
Wandering spin. . oC
? 880//01‘0)'9 Jﬁn. tod gog:)fr‘fjlzgfmc,/%’” ted |(deg) (dgq.)
d and @ vary between values indicated. tull - scate yalués. (t Xs) a.g. oed

No means mode! would not spin.

U denotes mner wing up;

D, inner wing down.

Turns for
recovery

( *qu0))
1 34U

*ON H¥V VOVN
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CHART 1.- SPIN CHARACTERISTICS OF MODEL A - Continued

[ff/ecz of mass variations glong the Z-aws;/oading as /ndicated; cockpit closed; fanding gear retracted;7laps neutral; recovery
by full rapid rudder reversal; recovery attempted from and steady-spin data presented for rudder-with spins ; right erect 5p/ns]

Condition /0 Condition { Condition 8 Condition 9 '
Mass retracted along Z-axis Initial loading Mass _extended along Z-axis
2_ ) 2 2_p 2 2_4 2 2 _ ) 2 '
ﬁL,,—zi"z— - -88 x/07* &232"1; =-88 x/07 ﬂzﬁ* -88x107* ﬁ‘;gz’i?-ea Wod
K-k - K-k - K- -k - o
L --205x107% & L7t =-j08x107% gk 1 gl - 5 K fE .ggxi0* &
KEHE . 5953004 ﬁzz-,‘;’éf =196 x/07* K L gg 04 lisgagl | KL < 0 N
5 ' - 9| gz < O ¢ 0
621D 60D Y, / 628U, Vs, 12
13412.3 1371.7, 1204.] C Nio
62 |4/ 3%.44 604U 2%, 3 7/ U 7%4,7%
/3412.4 8 12812.8 < /iol4.6 S No 3 ¢
3, 4 5| 515D |3%,3% B 16 4D\ | 1/ ¥ 28|14V NS
Q U 3] 7]
i ongl4012.5 o Y o /73193 = o] Mo
5710 N\S:th 2%,2% 492u ‘*“Sf{n Ve 63|90 N\ﬁ\th 1%41% ¢ P“\:‘:\z\\
A SN T Bl o E gt 3
it 22 U sk L SR L ot
131]2.6/9 Sl 125}3. |od Sl 110]4.9|04 Sl No | Qs ¢
3%,34 (3 49160 | |3,3% 33 1913pf| |00 %3 334U 3
© 146[2.7 o 20853 o 14353 X° Mo
51U 2%,2% 4E13U /1% 62 Yy 2.3 ¢
134|126 134131 11014.9 ¢ Nlo
58|13V 3,3% 56|4U/] 25,2% 7/ 1514 _- 0o -
125126 [25]3.5 10549 113 R —
4,4 3%.,3% oo | COMMITTEE FOR AERONAUTKS -
o Model values converted (d%(q)[(dgq)
Wandering spin. to corresponding vV
Oscillatory spin. full-scale values. tps){ %%
No means model would not spin. U denotes nner wing up;{Turns for
D, inner wing: down. recovery

*ON ¥V VOVN
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CHART 1.- SPIN CHARACTERISTICS OF [TOPEL A - Concleded

|:[//ecz‘ of special loading conditions; loading as inaicated; cockpit closed; landing qear retracted; flaps neutral; recovery
by rull rapid rudder reversal; recovery attempted /rom and steady-spin data presented For rudder-with spin;right erect 5p/ns:|

Condition | Condition 11
/mitial _loading Fqual _moments of inertia
2_, 2 2,2
—"xf?’—:—ssx/o" 19;7’?— - 0
—KLZFISZZ-='/OBK/O-4 a,b _/SLZZ(.ZZ_ =0 Jd
Prag; ‘ KZ-K2 -4 k65 Ya
—%Z-L = |96 x/0” n —“'Erx— =0 g 227
60|/D N ~/ /44 B0Y5p YA
3702.7 c 233)1.9
604U %3 A
2828 8 Nlo 0 c
34,34 NE 1614 3S
=2 2708 | L Nio
26120 % o perel
w7 ‘ i
30 v c ons [0
S0 2%, 2% peCS
FEE S Mo |9 g ¢
538 N3 [eB2 33
& 20853 IS Mo
4850 /1% ;
134]3.1 c Mo
56/4U 26,24
12513.3 Nlo
34,35

a Wandering spin.
Oscillatory spin.

C No means model would not spin.
? X and # vary between values indicated.

Condition 12 Condition 13
Typical _multiengine loading lincreased moments of inertia
2 42 2 .2
KK L 64x/07% Kofi .- gg xi07*
2,2 2,2
Kick .70 x/07* AHL - ojopxj07* @:b
K- k2 ¢ BLEPH g2-w? ‘
“Egrh = 106x/07%  493.4)| “Epz™ = /96 X107
38|12V 0 561U
155133 13412.6
32150 22,3 6214 2%, 3
173]3.3 8 _|25l2.¢ 5
14,1% 51§ [28lO)\ 4k SRS e 1%
S| slesl2 3 WRIIER
c N\; 1% 6 45130 n\%“m 2%, 24
c e LN v
\\e\“st 52 6U§N\c (\Sx' 214, 2%
Mo % Bl c R S
S 3 252 ® 8 1913D
23 % 5|3
2 Nio & 2085.3
c 4513V %, %
c No 1373.2
55 15U 24,24
N[O 128{3.1 NATIONAL. ADVISORY
3/, 305|  COMMITE fOR AcRoNAUTMS
Model values converted [ & | &
to corresponding H?/Q) {deq)
full-scale values. {*ps) ra@' )
U denotes ner wing UpiiTurns For
D, mner ting doun. recover,

( *ouo])
T 2d=YD

*ON ¥YV VOVN
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CHART 2.- SPIN CHARACTERISTICS OF MODEL B

EEffecz‘ of mass varmtions along the X-axis; loading as indicated; cochpit closed; landing qear retracted; flaps neutral;recovery
by full rapd rudder reversal; recovery attempted 7rom and steady-spin data presented for rudder-with spins; right erect spins)

d Condition 4
/Mass retracted along X-axs

2_p 2
KA - 6907
2.
KEKE - 105107
2-k,2
. bkzx = 39x/07*
30|10

e 75514.7

3

Mo

Flevators
up

ulth

[$)
=
S

5

aerel

2| |HAevators
down

o

@ Wandering spin.

Condition 1
/mtial loading
2
'—‘242-;‘1 =-9/x107*
2
KR 1050t as
’—(Zz—zz‘ﬁ = 199x/07*
532D %, 74
169{2.5]
593U %2/
163]2.5] g be
19,2 NS |
v i
aig g
492D : 1%
I i
553U, 24
6/(2.8 age g b,¢
%35 §|3
oS
472D 1%
165|2.8|
54 13U 3k, 4
159,2.8
55,6

Recovery was attempted berfore model reached final atlitude.

€ Steep spin.

Condition 3 was not tested for model B.
No means model would not spin.

2 Condition 2 A
Mass extended along: X-axis
2.4 2 :
Rfd = -s09m07*
2_p 2 :
LS T &
2_ _
Bl < 4175107 Alo
- -
e Njo
Nlo "g ‘e
g3
i Nlo
e[ [ et
it
st
Nio anm § & e
53 |
5 Nlo
[
€ Nio
MATORL Mooy
N COMMITER FOR PECONAIMOS
Model values converted d:cq) {d%
o corresponding P~/ L
full-scale values.  \fp s)rade]
U denotes inner wing up{ Turns for
D, inner wing down. '| recovery

*ON YdV VDVN
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CHART 2.— SFIN CHARACTERISTICS OF IMODEL B - Conbnued

[ff/ecz‘ of mass variations along the Y-axis;loading s indicated; cockpit closed;landing gear retracted; rlaps neutral; recover y

by full rapid rudder reversal; recovery attempted from and steady-spin data presented for rudder-with spins ;right erect s,o/ng-’

Condition 5
Mass retracted along Y-axis

2_ 42
—K‘ZTKL= -199 x/07 %
KK, o g
2 4 2
K 5. 19901074
I3513p]
g 7262.]
B Eer g — 11, 2%
170[2.4 I c
2,2% § S
Ly 3)
37D e
de (o527 W
[28/20B5aap o 3,34
l6ll2.8] a® QT c
00 I 3
SIS
Ly
#4J0
de 179\2.7
B4/36|°6Y53 00
57.2.8
o0

9 wandering spin.

Condition 1 Condition 6 Condition 7
/nitial Joading Mass extended along Y-axis
2_4.2 2 _ 42 2_ 4.2 .
KEfE - - 9) x 1074 L. 70x107* B - y76 x107#
2_4.2 2_4.2 2wl .
Bt . jogaort @b | KofL < 26907 > Hogghe-arsmior® s
2. pe2 2 42 2_42
KK - 199 x /04 KEC L 199 11074 [17823|| Berfie= 1994107 |im0l23
532D 2, % 522D >3 5/]o >7
1692.5 a 176)2.3 74]2.3
593U 1%, 3020 3,3% 29110 >3%
163]2.5 2 be| 125224 2 2502.3 2
1%,2% SRS 2,12 3 S 45(40] || J2, Y SR STiD)
aidl o Sl 8227 il /027
#9]20pS 7% 926U >7 332U [ >0
w7327 g8z v f aied28 v
53Ul 2, 2% 2, 2 Ll 2
61280 LT pe R Mo 1™ 2T
3%,k 33 33 414D 33 48|/1D
ai® A 188[2.9 £F° 17012.7
47|2D /% 51 /3416050t 1 4 ,4% 5.6
/65(2.8 £ 163/202-9/5.1 £ Nlo
5430 37,4 1%, 24
/5912.8 Nle N NATIONAL ADVISORY
5h, 6 CGMMITTEE. FOR AERONAUTICS

€ X and & vary betueen values indcated.

Recovery was attempted before model 7 No means model would not spin.

R reached rinal attitude.
Steep spin.
d OSC///Gtgfy Soin.

9 Velocities and angles vary betieen
values indicated.

( *3u0D )
2 adey)

Model values converted

< | &
deq) Jdeg)

to corresponding

JUll-scafe values. (/);/ s) (a‘gj/;z;\
U dernotes inner wing Ul Tirms for
D, inner wing down. recovery
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CHART 2. — SPIN CHARACTERISTICS OF MODEL B - Corfinued

[Effecz‘ of mass variations along the Z-axis; /oading as /ndicated; cockpit closed ; janding qedr retracted ; flaps neuz‘ral,-“ recovery
by 7ull rapid rudder reversal; recovery attempled from and steady-spin data presented for rudder-(ith spins;right erect 5p/n5]

Condition 10 Condition | Condition 8 Condrtion 9
Mass retracted glonq Z-axis Initial loading Mass extended along Z-axis :
2 "
L A T BEKL oot RERE - _gpes0t KR < gmot
2 2 2 2 .
it :"‘ZZ =-16900% Lo Yi},’z‘zz - J08x07 @b [MIKE 2;" -0 4 "’:;ﬁ’: = 4640t T fL
Leoke o 26owot [6820] [HEEE - 990 B BE g0t o | |58 = 4500 [Wo
967120 ~1>1% 532D b2, % 52U i ;
g I61j2.1 169|2.5 7313.3 £h N
63/0 >3 59(3V 1%,2% 64150 >3%
/50|24 o 163]2.5 2 b.c 15013.4 v Mo R
>4 ERS 52[4D] | | %4.,2% HES ) Y| [202D 15 S VA1 7
g3 177]2.3 ol s N 2458 | <J169]5.9
60ID oz 7% 320 | 1% B3l B, e
g [532.4 - sl732.7] de 6313 Al lerlar Y
5/ =3 o 5513082, 2% 237694 [>9] - . KL13%,9
oz eS| [erlzgd™ T be EEOC NN Mo Jo¥™ g |
=7 1 5 55 Y[BlD] | B%3% §3 20 | s §13 U230 33 8ol
‘ﬁﬁﬁiﬁ; o 169/2.3 o&° ,)ﬁggfisb 7345.9 % 1161]5.9
o™ [62]2D 472D 134 0 Brl20] {2%,2% b2 kel —[>/3
de 153]2.4 1652.8 de 153]3.8 Lh 189lsel i
lt9,/76\2%7:0 >4 % 54130 35,4 (357512950 T oo e
153]2.5 15912.8 /4613.9 N i .
>6 5%,6 25 SONMITE O et
@ wandering spin. Model values converted (d?q} ( d?;
Recovery was attermpted berore model reached final attitude. to corresponding V1T
o Steep spin . Mo means model would not spin.  |full-scale values. o5 K tﬁ )
Oscillatoryin pitch and roll, 90n verge of recovery. U denotes inner g UP{ Turns for
€ X and & vary between values indicated. 7Mode/ tumbled frotated aga/z /ateral axskp inner wing down. recovery

Model tumbled arter recovery.
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CHART Z.- SFIN CHARACTERISTICS OF /NODEL B - Concluded
[ff/ ect of special loading conaitions; loading as indicated; cockpit closed; landing gear retracted;/fops neutral; recovery

{ *2U0))
g 13’y

by full rapid rudder reversal; recovery attempted From and steady-spin data presented for rudder-with spin ;right erect 5,o/n;<l

Condition { Condition 11 Condition 12 Condition 13
Initial _loading Fqual moments of inertia Typical _multienqine Joading Increased _moments of inertia
oy 2_,2 2_ 42 2_,2
KLl o9 x10°* KR o LK Lez2xi074 LN <91 x107#
- k2 2_ 2 2_42 2_; 2
Mof - -joer0 Gb | Bk o c Ko f eer70x107* 75D KoAL wjosxi0t @
2_ 42 Y 4 2_ k.2
K M- 19951074 i‘zp’l o) KERE L j0gx07¢ (7981 i‘fg’y- = 199x/0°4
53120 %, % ¢ Hi 0 5512D 14
16912.5 d /79|30 63|2.2
593U 1%,2% 28] 0 >3% 534U/ 2%
/6312.5 2 be Mo IS g 23313.3 < i63)2.1 R
/%24 58 53 2 g% 4510 | [1%,7% 3 16 112D
g 9 | 1 Mo cig 7613.6 ] el29814.2
4\!5 2 D N\Crotr: /VZ g N\E{d‘h 9 N\Groyr\ﬁ 4, 4 52 ] U N’ero, ’/z
e ot gl TV etz o
5513 %&224 %ﬁ ﬁﬁ 0| /NS 11%,2%
jorl2. 808" OF bc Mo o™ X< o Mo 1o0% s j63]z6la®™ R
3%,3%) S 513 813 391D | [2%,2% S /714D
a@yc P, Nio & 17015.9 o 5045.0
47120 /% 253 442U 2
1652.8 d N|o a o 176127 =
543U o, 4 50150 —15%,3% 2
1542.8 Np Ne 170\12.7 NATIONAL ADVISORY >
5};_; & 45,5 COMMITTEE FOR AERONAUTICS s
s
Z Wandering spin. Model values converted d:( b dE_l Y
o Recovery was attempted berfore model reached 7final attitude, to corresponding ( VQ) 5%) -
Steep spin. full-scale values. d o
d No “means model would not spin. U denotes inner wing up; %5 o )
D, inner wing down, recovery
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% % Model

O, 88

oy Numbers beside symbols indicate loadin
‘%;3, conditions tested.(See tables II and III.)

\, + <@
) g
All'moments of inertia increased X T
equa”}j from intial loadmg o
NI %

120 f60 200 240 280 320 360 400 440 480 520 560 600 640 680xi0-*
~ny
&

L]
o
o
L]
=3 'R
[ 1 a \Y,
eference 1 ) @
£ o4 1,
s %al Toading o
© >
-g 13 (\b&' A
5 N N i
F‘;( § ‘\bL/ Q = 7
3 ) (@]
3 N
S 3 —Reference 3
< 2
o -] l
N
’j‘/] ) ultiengirie loading
9 Equal moments of imertia
upg P oments g s h
Or— T8 A oyt
80 40 0 -40 -80 -I20 -160 -200 -240 -780 -320 360 -AGO -440 -480 -520 -560 -800 -648 -68OXIO
ko ko2 WATIONAL ADYISORY
v Kz Mass extended alohﬂ wing COMMTTEE FOR AERONAVTICS

Figure 1.- Conditions tested with models A and B and ranges of
inertiac moment parameters for invesﬁgaﬁons described in
references 1 t0 3.
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Fig. 2 ‘ NACA ARR No. L5CO09

164"
\
BN

~

365+

|

£ clevaror Hipge ./

£ aileron Linge

¢ Fap hinge £6 71“‘ v/
79" ———
L
3 00706’0’ 17/ 1
2 st 5% Oﬁ’/’/;co’m/ j
» 26.00° i
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NACA ARR No. L5CO9 : o - Fig.
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NACA ARR No. L5CO9 Figs. 4,5
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